In behavioral and ecological studies the "functilon"9 of doninance hierarchies is thought to be related to reproductive success. In particular, dominant males are reprded as likely to gain a reproductive advantage due to enhanced "access" to females. We compare the dominance status of adults with the frequency of copulations and the patterns of parentage in communally breeding pukeko or purple swamphen (Porphyrio porphyrino melanots). This avian species has an unusual social system, often breeding in polygynandrous groups in which there is a strong dominance hierarchy. Typically, during the breeding season, there is considerable sexual activity, with heterosexual and homosexual copulations between adults being commonplace. Hae IIdigested DNA from individuals belonging to breeding groups was hybridized to the minisatellite DNA probe YNH24, revealing putative single-locus profiles, while hybridization of the same DNA to the minisatellite probes pV47-2, 3'HVR, and per revealed typical mucus profiles. The numbers of unatibutable restriction fragments allowed the maternity and paternity of all individuals to be conclusively determined, despite hig levels of band shring among individuals within breeding groups. These close genetic s ties are a likely consequence of strong philopatry and inbreeding. We report Instan of males which are high on the dom e hierarchy but have only a limited reproductive output in comparison with others and males which are subordinate but achieve a s ft proportion of fertilitions. Generally these data reveal no consistent relationship between domiae, the frequency of copulations, and parentage among males. We conclude that pukeko highliht some dffckulties with conventional explanations for the "function" of dominance.
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Almost 20 years ago, E. 0. Wilson remarked: "In the language of sociobiology, to dominate is to possess priority of access to the necessities of life and reproduction. This is not a circular definition; it is a statement of a strong correlation observed in nature. With rare exceptions, the aggressively superior animal displaces the subordinate for food, for mates, and for nesting sites. It only remains to be established that this power actually raises the genetic fitness of the animals possessing it. On this point the evidence is completely clear." (1) . This view is probably still widely held among biologists today. Wilson 's view represents the idea that dominance hierarchies are "adaptations" which enable some individuals to increase their survival and reproduction at the expense of others. It does seem intuitively obvious that dominance is a complex "mechanism" which has been molded by natural selection for this "function." If some individuals, as a result of heritable characteristics, are able to manipulate those around them in such a way that they gain a survival or reproductive advantage, then natural selection should result in dominance hierarchies. Consequently, we would expect to see a consistent relationship between dominance and copulations and, in turn, between copulations and parentage.
However, the fitness consequences of copulations are often difficult to precisely determine. In some cases, dominant males, although perhaps not achieving most copulations, may nevertheless sire most offspring. To test this it is vital to obtain data on parentage and to then relate this to dominance rank and to copulations. Communal species represent prime candidates for this research, since a large number of behaviors, including dominance interactions and matings, can be readily observed. We chose the pukeko, a communally breeding gallinule, to investigate the relationship between dominance, copulations, and parentage.
Pukeko, the Maori name for New Zealand populations of the widespread swamphen (Porphyrio porphyrio melanotus), have an extremely variable mating system. In some places individuals breed communally, while at other localities breeding occurs in pairs. Moreover, the number of individuals constituting communal groups varies widely, from as few as 3 to as many as 20 or more individuals. Groups defend most of their home range and all members, including juveniles, help in this defense. Individuals within pukeko social groups have a linear dominance relationship with status related to sex (males generally dominating females) and age (adults generally dominating juveniles). Dominance hierarchies are easily established by observation of feeding behavior; however, the evolutionary significance of dominance in this species is yet to be established (2, 3).
Matings typically occur among individuals of the same breeding group, and unisexual encounters occur between males and between females. Moreover, juvenile males often attempt to copulate with females, including their mothers and sisters. It has been shown in some pukeko groups that the status ofmale birds does not significantly affect the frequency of copulations. Moreover, over the period in which the female is likely to conceive, the a male achieves no more copulations than do subordinate individuals, although there is considerable variability from group to group. The effects of a female individual's status may be more pronounced. There is evidence that dominant females may be able to achieve a greater proportion of copulations at the expense of subordinate females and importantly, they lay more eggs, especially in the generally more successful early clutches (2, 3) .
Although the absence of a consistent relationship between dominance and copulations in pukeko remains problematic, given the commonly assumed "function" ofdominance (refs. 1 and 4), it is vital to compare levels of dominance and the frequency of copulations to patterns of parentage, as determined by DNA Each bird was weighed, and beak characters were measured to assist in the assignment of sex (5) . Sexing using this method has an 8.8% probability of misclassification, and individuals in the overlap region were sexed by using behavioral evidence and a restriction fragment length polymorphism (RFLP) marker (unpublished data). The latter was used in the case ofeggs. Birds were individually color-banded on the upper leg before being released. Individuals were subsequently observed from hides, and the outcome of interactions was used to establish dominance relationships. Prior to breeding the copulation frequencies of individuals were recorded.
DNA Methods. All methods were as detailed by Millar et al. (6, 7) with the following exceptions. The YNH24 probe was hybridized at 61'C and the membranes were washed twice for 30 min at 610C in lx SSC/0.1% SDS (lx SSC is 150 mM NaCl/15 mM sodium citrate). The multilocus and singlelocus profiles were obtained by running gels for 72 hr at 2 V/cm between electrodes.
Analysis of Single-Locus and Multilocus Proffles. Each gel included a molecular weight marker, together with DNA from an individual which had been designated as the genomic control. This was to ensure that all gels could be standardized forthe distance run and hybridization conditions. Bands were considered to match if they were similar in intensity and if their centers differed in electrophoretic mobility by less than 1.5 mm. All individuals were analyzed by using the minisatellite probes pV47-2 (8), 3'HVR (9, 10), and per (11) . Restriction fragments larger than 5 kb were scored for probes pV47-2 and 3'HVR. Fragments detected by the per probe which were greater than 9 kb were scored. In the case of multilocus profiles, the presence or absence of bands on autoradiographs was coded by using a 1.5-mm bin. These data, in tabulated form, were used to determine the mean number of bands per individual, band sharing between individuals, and the number of unattributable bands in offspring when considering all pairwise combinations of possible parents.
RESULTS
The YNH24 profiles for Hae III-digested DNA from pukeko revealed putative single-locus profiles with four alleles being detected of the following sizes: 10.4, 9.2, 6.7, and 3.8 kb (Fig.   2 ). The sizes of these restriction fragments were determined by using a software package, MACGEL (12) . In contrast, under appropriate washing conditions, hybridization of the minisatellite probes pV47-2, 3'HVR, and per to the same membranes revealed typical multilocus patterns (Fig. 3) . For pre-1989 adults the mean (±SEM) numbers of restriction fragments were as follows: 17.9 ± 0.045 (range 11-25; n = 17) for pV47-2 and 16.1 ± 0.884 (range 6-24; n = 17) for 3'HVR.
In the case ofper fragments there were 4.9 + 0.41 (range 1-9; n = 17). The three multilocus profiles showed only a small degree of overlap of restriction fragments: pV47-2/3'HVR, 0.141 ± 0.02 (range 0-0.294); per/3'HVR, 0.071 ± 0.02 (range 0-0.222); and per/pV47-2, 0.047 ± 0.021 (range 0-0.273) (Fig. 3) . This small degree of overlap indicates that the probes are detecting distinct minisatellite families. The band sharing between individuals for the three multilocus probes was generally high. For example, the band sharing among pre-1989 adults was as follows: house group, 0.6 ± 0.028 (n = 21); upper dam group, 0.625 ± 0.032 (n = 21); generator shed group, 0.395 ± 0.77 (n = 3). These coefficients of band sharing were calculated between adults as x = 2nab/(na + nb), where na and nb are the number of bands present in individuals a and b, respectively, and nab is the number of bands shared by a and b (13) . A preliminary analysis of parentage based on these high levels of band sharing indicated that this method was not feasible in the case of polygynandrous pukeko groups. Consequently, all pairwise combinations of potential parents were analyzed. The number of bands in the multilocus profiles of offspring which could not be attributed to a parental combination was deter- U . (3 female was originally assumed to be an offspring of the upper dam group. However, she was shown to have a large number of unattributable fragments (6-18) for all pairwise combinations of possible parents. This strongly suggests that she was not an offspring ofupper dam individuals and that she was, in fact, an immigrant from elsewhere. Interestingly, she featured prominently in copulatory behavior and was the mother of 41% (7/17) of the chicks hatched. In addition, she produced offspring with the a and the 'y males. Among the males, the a male sired 71% (12/17) of the offspring in spite of achieving only 31% of the copulations. The 83 male sired no offspring at all, despite the fact that he was involved in 22% of the recorded copulations, and the y male sired the remaining 5 young.
Generator Shed Group. Over the course of this study the generator shed group comprised 2 males and 1 female and 8 offspring (Fig. 7) . Parentage was again conclusively assigned by single-locus YNH24 alleles and subsequently by calculating the number of unattributable bands in the multilocus profiles for probes pV47-2, 3'HVR, and per. Parentage was assigned on the basis of zero unattributables, except in the case of 1 offspring in which an instance of an unattributable band was detected in what was regarded as the likely parental combination. No other individual had a fragment of this size. Furthermore, the other possible parental combinations revealed 6, 14, and 8 unattributable fragments. These results suggest that this fragment represents a mutation, particularly given that we would expect to detect many more unattributables if a male or female from another group was a parent of this chick. On the basis of this unattributable band and the 1 recorded in the house group, the actual mutation rate per generation for minisatellites in pukeko, as a proportion of the total number of fragments in all chicks, is 1.38 x 10-3. This is within the typical range of 10-2 (14) to 1O-4 (15) .
The parental relationships of offspring in the generator shed group are represented in Fig. 7 . In this group the /3 female achieved the greatest frequency of copulations and produced 6 of the 8 chicks. The dominant female was involved in 27% of the recorded copulations and mothered 25% (2/8) of the chicks. The / male participated in all the copulations (he was the only male present), and it is interesting that his son, hatched in the 1989/1990 season, did not sire offspring. It is also worthy of note that in none of the groups did individuals hatched during the course ofthis study later reproduce.
DISCUSSION
The precise determination of parentage in polygynandrous communally breeding pukeko groups is difficult because of the number of potential parents of every offspring (remembering that fathers mate with daughters, mothers mate with sons, etc.) and because of the subsequent high levels of band sharing among individuals within breeding groups. Nevertheless, this study shows that, even in such cases, paternity can be precisely assigned by the use of heterologous minisatellite probes. Our success was due to the low level of overlap between the restriction fragments detected by the three multilocus probes (range 0.049-0.141) which increased the power to detect unattributable restriction fragments. However, a large number of dyads (681 for each of the three multilocus probes) needed to be considered in these highly inbred groups. The assignment of parentage was also facili- tated by the single-locus YNH24 genotypes, which allowed some combinations to be excluded. Such a combination of single-and multilocus probes has been used by others to assist in the determination of parentage in avian species (16, 17) .
Our study of parentage in the pukeko reveals a broad array of relationships between status, copulations, and reproductive output. Of the 39 offspring whose parentage was assigned, the a males sired 20. The a and only male sired all the offspring in the smaller generator shed group, while in the larger upper dam group the a male was the father of 71% (12/17) of the chicks hatched over two seasons. In contrast, in the house group the a male sired none of the 14 chicks hatched over three seasons, despite being involved in 39% of the copulations. The fact that a males fathered approximately half of the young examined is heavily biased by the results from the generator shed group, where there was only 1 male present. Moreover, there was similar variability in the success of ( and y males. For males it appears that there is no clear relationship between dominance rank or copulations and the production of young, although this could not be statistically tested. There is, however, no relationship between the frequency of copulations and the production of offspring (Z = 0.355, df = 10, P = 0.72). Moreover, there is no correlation between the act of copulating and the probability of paternity. As many males copulated and had no young in a season as copulated and did father young (6:5; P > 0.5; binomial test).
Among female pukeko, a females lay more eggs and achieve more copulations (3, 18) , and we have shown here that this appears to result in the production of more offspring. a females produced 26 of the 39 chicks hatched in the three groups. This shows that there are reproductive consequences ofthe fact that dominant females achieve a greater proportion of copulations at the expense of subordinate females. In the upper dam group, for example, the dominant female was involved in all the recorded copulations, despite the fact that two other adult females were present. The above results are similar to the findings of Rabenold et al. (19) , who showed that in stripe-backed wrens dominant males sometimes share paternity with auxiliary males, whereas dominants are the only reproductives among females.
As Bernstein (20) pointed out, dominance is often simply assumed to have reproductive benefits in a range of organisms, and S. Duvall and T. Gordon (quoted in ref. 21) showed that in rhesus monkeys, some low-ranking and even adolescent individuals fathered as many offspring as the highest-ranking males. De Ruiter et al. (22) recently reviewed this problem in primates and suggested that the lack of correlation between reproductive success and high dominance is a characteristic of captive populations. They suggested that the correlation between rank and fertilization is more marked in smaller groups because there are fewer males competing in such groups and fewer females that are sexually active simultaneously. Similarly, Schartl et al. (23) have recently shown that in poeciliid fish the dominant male, in small mating groups, has a mating success of 100%, while in larger groups his reproductive contribution is zero. This result parallels our study in relation to the a males in the generator shed and house groups, where in the former the dominant male sires all offspring and in the larger house group the dominant male sired none of the 14 young. Our results are in contrast to those of Wickings et al. (24) .
In pukeko it appears that neither dominance nor copulations are necessary predictors ofreproductive success among males. Where there was more than one reproductive male or more than one reproductive female, the young were always of mixed parentage. The groups studied here exhibited van- able fitness consequences of dominance, and this suggests that, in contemporary evolutionary biology, we need to be more cautious in assigning functional explanations to dominance (25) .
